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OF THE OUTER PLANETS
Final Report
1. Description of Research
We shall here only highlight the scientific results obtained,
most of which are detailed in the publications listed in Section 3 and
in the 11 progress reports issued earlier under this grant.
1.1 Astrometric Observatio-ns
Harvard's Agassix Station of
the interval 1972-74, around 100
Llite positions have not been
on computer cards in the form of
and Struve's satellite theories
Of the total 127 plates taKen at
Jupiter's and Saturn's satellites in
plates have been reduced. The sate
published but they are available
(0-C) residuals referred to Sampson's
(see Progress Reports Nos. 1-4).
1.2 orbital Computations
The initial orbit calculations and several 	 later	 orbit
improvements for Jupiter XIII (Leda), discovered in 1974, were
pe l f ormed under this grant.	 This work culminated in an extended
ephemeris for Leda to the year 2000.
Orbit calculations were also performed for several other
suspected satellites, in support of satellite searches conducted by C.
Kowal with the 122 cm Schmidt reflector at Palomar Mountain.
We also undertook a critical analysis of the observations that
W. H. Pickering, A. Dolifus, J. W. Fountain, and S. M. Larson
had presented in evidence of a 10-th and 11-th satellite of
Saturn.' Because of severe orbital ambiguities, we predicted the
possible existence of several small satellites just outside Saturn's
rings and recommended a temporary satellite nomenclature that has
since found many applications in new satellites of several of the
outer planets,
1.3 Revision of De Sitter's Theory
During a 6-month visit to Tokyo Astronomical Observatory in 1976,
Aksnes reviewed de Sitter's incomplete theory for the motion of the
Galilean satellites and published a detailed outline for a revised and
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complete theory.
1.4 Mutual Satellite Events
We were actively involved in computing predictions, observing and
analyzing the observations of mutual satellite events in 1973, 1979
and 1980.
  
The 1973 observing campaign and our subsequent analysis
produced nearly 100 relative positions of the Galilean satellites with
a mean accuracy of about 100 km (0.03 arc sec). We used these
observations to substantially improve on Sampson's theory for these
satellites.
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For the three outermost of these satellites new radii were
defined, in very good agreement with the radii that resulted from
direct photographs obtained by the Voyager spacecraft in 1979. That
year a less favorable series of mutual events occurred, some of which
were observed, adding valuable new information by increasing the
baseline from 1 to 6 years.
A less extensive but highly successful observing program was
conducted for the mutual events of Saturn's satellites in 1979/00. At
the time of writing, we have nearly completed analyzing a total of
about 20 photometric observations. By revising some of the elements
in Struve's theory for Saturn satellites, we have shown that the
mutual events technique allows at least as high accuracy for these
satellites as for Jupiter's, despite the twice as large distances. and
generally much smaller sizes of Saturn's satellites.
We have also undertaken several studies that are somewhat
indirectly linked with the orbits of planetary satellites because they
investigate the orbits of planets, their
	 rotation	 rates	 and
gravitational fields.	 Some published results; credited to this
contract, are:
(1) establishment of a long-term upper limit to Jupiter's
orbital eccentricity;
(2) deviation of an accurate modern value of the ellipticity of
Uranus from ballon borne (Project Stratosphere) images and consequent
evaluation of planet's rotation rate;
(3) identification of features in Saturn's rings as produced by
heretofore undetected tesseral (i.e. non-axis symmetric) harmonics of
Saturn's gravitational field.
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